r 



(19) B^fcS&W/T (J P) (12)^A Wpf (A)' (11)4 

#M¥6-291314 



(43)iiH§B ¥JBS 6 ^(1994) lOfl 180 



(51) Int. CI. 

H01L 29/784 
21/336 



9056-4M 
9056-4M 



F I 



H01L 29/78 



311 
311 



G 
P 



^SfS3< *iit# W#JSO&2 FD (t5S) 





$#ig5£5- 101864 


(71)t«I@A 


000001443 










(22) tune 


*PJ* 5 ^(1993) 4)3 6 B 




miz&m 2 t @ 6 # i 








'Mi\ m— 






















(72)%H^# 


TtSc #- 








m^ta5A3E^FttjH/l|BI2951#lfeCD5 














<74mSA 





(54) [fgHJ(£>£|M ^)»h^>^X^WSja^ffi 



(57) mm . 

lffii&) ^v^yfrzuzy- vnM 1 5 a±\zm 




( 2 

1 

■5y-h^^±jc. ^yyy>. ?>?)i. ?>?x 

Ufr&JiT, &m l^fz Zfy X?i y 9- > if\Z =k 0 Rfc5feT -5 
£££m&£T&?$J!SIH5>^X^<0®ig7j8U 10 

± H jjtfift: -> U n > A» <5 & 0 . Tffl ffilH X" 5 X? X y 

[000 1] 

jfijsrttKiwa. 

[0 0 0 2] 

[fiEJfcW&ffi] -feJUX7 5-f *>h^<Di$$IH^>> s X 20 
Mi^ML. Cloy- HfHt£-7XX £ IT-f 3f-> 

oy- K««Ki»«T**w*»it<o4 , *ffl»c?-v*;i' 

[0 0 0 3] Z\<D£o\Z, U&<Dmmh7>i?X?<DM 

mjs&T-i*. *m&mm-t\zi&i$.i<nfzy-hi&mm& 
v>mmwtt8imm^e>T\ ^m^nrnz^m^mm-f 

[0004] gifiTrfi. ^*E«*«iDaix*;u 

tfi flUK £ t « JP £ * (6] <D it * £ T X 5" > if L T Rfc * 
xe.nTt,iS (^®3P3 - 3 3 8 0 1 4^#BH) „ CIO 

: ?z.mfrz>uz>m&mwL 1 ±ic^tte.tifc^^^2 

&*y- h©ffi5£VX*<!:LT±Jiy- h&&ffil4 * 



&m¥-6- 2 9 13 14 
2 

u-r >®^^^-r-5SB»±tcT^y- h«ea^3 

C<£>{£. SR!Ii|&&J3 6 . 3>^i7 K*:-JP7. y — X • 
[0 0 0 5] 

[^B^^ftL-<t5<i:T-5^H] IsfrLUffZ, '&&<D 

*^^s±gy-h*eaa4<&x-y^>^ufc^. e 
zic^-r^^fc ±@y- htM5T©±iy- 

5 Rtf±jiy- h*e&Bl4 £*g? J: 5 \zM0Sz$nz®fai 
&mm 6 ©Kffitt^s^T^tL, t>^r«y- h u- 

[0 0 0 6] 

[^s^/s^-r^fcaexo^©] »*3«ifatt^Bj^. 

< 1 1> « ±g -> 'J n > ^ s U 5 y- h ffitUK 

JSU gy- h«a±»C»*U*:US?X h/t^->^T 
X^ibT. WBy-M6IW)tO'5-6«±IBOS8fl:->U 

W*3S2i2^OT^Bfl«, Sfffay-h«feiSK*± 

y i 0 x y ^ > ^ s nts. \,*%tm&*> u -5 2 Ji#?jg t l 

[0 0 0 7] 

[f^ffl] «*3Bi te«©^B^{cj;n«. y-h*g^<o 

ffl^/ty7X-7X-y?>^lC«fc0^5feLTti-5<7DX?. y 

-h«STcoy-h«e^fz7>^-*-y h»*«*i;at 

^Bjo^^tc-T^i:, y- H^SkM<DT^^x-y^>^ 

•y ^ > y <d m w z s m \ z -r s z. t. ifi t -5 . 

[0 0 0 8] 

[HiS0ij] ia 1 ~~m 5 (i^n^ncio^B^co-^ia^jjc 
*5tt -5 -t ;p x 7 7 -i * > h momm h 5 > ->*x ^ co&sj 

#fiaLft*<6. -tJPXT^-f h^©SJ)Ph7>->*X 
^C0ffi!ifi73ffi-«C^^TI»B^-rs. 



( 3 

3 

co oo 9] sr. m i ic^-r«t^»c #5x^*>fr 

III 2^^->Mtl>. CKDlg^, — 0iJ<hLT. 
0 0 Am&.<F>BZ\ztimv, 

>^LTi^*-r-5c < !:fz e to. mm h 5 >5>X*»fi8« 10 

[0 0 10] ^C. ^ffifCXA-y^glr.iOgHLS' 

v ? zuzTmy— bmms& i 3^20 oAgg© 
jiy- 14^1000-2000 Am&comz 

CO 0 1 1 ] >AlZ. EI 2 C^TJ;? tCUv'X h/t^ — > 

4<n±.m<D^.\z^m-t^f- hiffiMffliiii stcj: 

■3Ty-Hil5aS*(8t5. 

CO 0 1 2] ^IC, S3 (A) (C*-r<t5t'. l/v^h 30 
/1*->1 6^VX^tLT±^y-h«e«b)^l 4£x 

JE7J0. 8Torr, RFi^jfgO. 3 7W/c 
m\ mSP B 1Ri5 5mm©MTT'C F, <»: 5 %(DO t £ 

TX/iits.*. fl£oT. #tCia3 (B) \Zm-T&o\Z, 

-tmy-hmmmi 4tfjLy?->tr£tiz>iiii : biz> y 

— hmm 1 5 a<Z>lM K®fcx.y5 1 >y^n-5C:<htc^ 
■5. y— hmiS 1 5 aCDit-f KES 1 5 b«h± 

my- bt&8m 1 4 ©+»-< niua i^&no&^a 

iy- K*feS^ 1 4fCT>^-*-> hSB*^i;?iV»«fc-5 
C©T@y-h»gIl 3 5lyf>^h7n<!:LT 50 



«fM¥6- 2 9 13 14 
4 

£t-5. Uv'X h/-?^— > 1 6 

co o i 3] h 4 j: 3 k. y- hms 1 5 

a$rVX^tLT-r^->aA^SIC < J:0¥^^jmi 2 

aWPaffifllcy-X • KU-f >^*£l 2 bSMtS. C 
<Dia£\ 1 2 OV-X • H W 1 2 b 

i:?i«.a5»<0±®tc«^2 0 0 AgSOiiy- hijsfe 
1 3<D*-d^fi£$nTVi-5C0T. ^«6^JtLT'J> 

-fty^aA-r^t, 3 0 k e vm&.<D{&i)mx.*.)i'¥ 

CO 0 1 4] ^K. ±±ffi(Z7°7X 
7CVDSl:<fc0g{kyU3>A>5 fc £ nmie«HK 1 7 

£eiji3 0 0 0 Ammomzizmmrz. z<nm^. m. 
iztstmi^ftufi, 03 (b) \z7n?&v\zy-bmmi 5 
a ro-y--r ks 1 5 b <fc±ii y- mbsmr 1 4 ©im* 

£5. tot. 7 l -hV-7mffi.<?>m*:&m±?z>z\iz 
Sfcgfelva- b#fg£Lic< ^.fciic-rac 

coo 1 5] 'A\z, mmt&tmi 7RUTmy-bmm 

113^7* h l Jyy7 7^^IC«fcOX>5 L >yUT 
^StSditi 0, V— 7. • l«H>I«12bl:I 

>^^7 h*— ;n 8 ^^^-r-s. ^:f~. n>^^7 
-r >ts 1 9 £ 5 0 0 0 km&.<nm^\zrt5 — >m&l 

L, y-X • H l/-f 1 2 b «t»«3-tt-*. U 

1^7774"^ bmnnmY-vy'jT.^tim^n 

co 0 1 6] tz*>. ±.$zmm&iT-ity- hnm 1 5 a© 

om<, stt±sy-h*eatMi 4<d«^t^-5^ 
4"t -> u ^ > <h 1^ b# \z y 7 xv x > y S tl -5 © T h 
tl(iJ;<. SfoT ; EUyy>. ^>^;i/, ^>yxf 
>, y^>©5^'>/j:<<i:t J ia^-^tJ«^^fflViT : b 

co 0 1 7] sfc. ±teg£iS0i]Tte, ^ftiKi 2© 
±Elc^{t:->'Jrj>^e7i-5Tey- h«fe^i 3^jg 

;*u Tgy-h«ssKi 3cD±ffiic^{k-> | j=i>^e. 
^c^ji^y-h«fe^i 4^^l. ±my-hmmm, 
1 4o±®tzy-h«s^fi)cffl}S^i 5$:^l. y- 

> 1 6 ^ t Lry- MSffjcfflf II 1 5£X-y 

y>yLT^*L7c^±@y- higinR 1 4^x-^^> 



( 5 ) 



1#B8¥6 - 2 9 13 14 






(19) Japanese Patent Office (JP) 

(12) Publication of Laid-Open Patent Application (A) 

(11) Publication Number of Patent Application: 

Japanese Patent Laid-Open Publication No. 6-291314 
(43) Date of Publication Application: 

October 18, 1994 
(51) Int. CI. 5 : H 01 L 29/784, 21/336, 

JPO File Number: 9056-4M, 9056-4M, 

FI:H OIL 29/78, 

311 Q 311 P, 

Request for Examination: Not requested 

Number of Claims: 2 

FD 

Total 5 pages 

(21) Application Number: 

Japanese Patent Application No. 5-101864 

(22) Date of Filing: April 6, 1993 

(71) Applicant: 000001443 

CASIO COMPUTER CO., LTD. 

6-1, Nishishinjuku 2-chome, Shinjuku-ku, Tokyo 

(72) Inventor: Koichi OGAWA 

c/o CASIO COMPUTER CO., LTD. 

Hachioji Research and Development Center 

2951-5, Ishikawa-cho, Hachioji-shi, Tokyo 
(72) Inventor: Shinichi SHIMOMAKI 

c/o CASIO COMPUTER CO., LTD. 

Hachioji Research and Development Center 

2951-5, Ishikawa-cho, Hachioji-shi, Tokyo 
(74) Representative: Patent Attorney Jiro SUGIMURA 
(54) [Title of the Invention] 

Manufacturing method of thin film transistor 
(57) [Abstract] 

[Object] To prevent the occurrence of an undercut portion in a gate insulating film 
under a gate electrode when the film thickness of the gate insulating film other than 
under the gate electrode is thinned by etching to implant an impurity with low 
acceleration energy. 



[Constitution] By removing an upper gate insulating film 14 made of silicon nitride by 
plasma etching using a reactive gas which can process both silicon nitride and 
molybdenum, using a resist pattern 16 formed on a gate electrode 15a made of 
molybdenum as a mask, an undercut portion can be prevented from occurring in the 
upper gate insulating film 14 under the gate electrode 15a. As a result, the coating 
quality of an interlayer insulating film formed on the gate electrode 15a can be 
improved. 
[Scope of Claims] 

[Claim 1] A method for manufacturing a thin film transistor, comprising the steps of: 
forming a gate electrode made of a material including at least one of 

molybdenum, tantalum, tungsten and titanium on a gate insulating film where at least a 

top layer is made of silicon nitride; and 

removing the silicon nitride in the top layer of the gate insulating film at least 

up to middle of the thickness direction, by plasma etching using a reactive gas which 

can process both the silicon nitride and the gate electrode, using a resist pattern formed 

on the gate electrode as a mask. 

[Claim 2] A method for manufacturing a thin film transistor according to claim 1, 
wherein the gate insulating film has a double-layered structure where an upper layer is 
made of silicon nitride and an under layer is made of a material that is not etched by the 
plasma etching. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention relates to a method for manufacturing 

a thin film transistor. 

[0002] 

[Prior Art] When manufacturing a thin film transistor of self-alignment type, a gate 
insulating film is formed on a semiconductor thin film made of polysilicon or the like, a 
gate electrode is formed on the gate insulating film, and an impurity is implanted to the 
semiconductor thin film by an ion implantation apparatus using the gate electrode as a 
mask, so that a channel region is formed in a center portion of the semiconductor thin 
film, that corresponds to the gate electrode, and source and drain regions made of 
impurity regions are formed in each side of the channel region. Furthermore, an 
interlayer insulating film is formed on the entire upper surface, and contact holes that 
reach the source and drain regions are formed in the interlayer insulating film and the 
gate insulating film, then source and drain electrodes are formed in the contact hole 
portions. 



[0003] In this way, in a conventional method for manufacturing a thin film transistor, 
an impurity is implanted through a gate insulating film formed on a semiconductor thin 
film. However, since the thickness of the gate insulating film is relatively thick, 
acceleration energy of the ion implantation should be increased in order to place the 
peak of the concentration profile of the impurity in the semiconductor thin film. As a 
result, there are problems that the cost of the ion implantation apparatus becomes high, 
and the device can be damaged. 

[0004] And so, in order to implant an impurity with low acceleration energy, it has 
been recently considered to remove a gate insulating film up to middle of the thickness 
direction by etching, using a gate electrode as a mask, and implant the impurity to a 
semiconductor thin film in this condition. (Refer to Japanese Patent Application No. 
3-338014) An example of this method will be described with reference to Fig. 6. On 
the entire upper surface including a semiconductor thin film 2 provided on an insulating 
substrate 1 made of glass or the like, an under gate insulating film 3 made of silicon 
oxide and an upper gate insulating film 4 made of silicon nitride are formed. Then the 
upper gate insulating film 4 other than under a gate electrode 5 is removed by etching 
the upper gate insulating film 4, using a gate electrode 5 made of aluminum formed on 
the upper gate insulating film 4, as a mask. And an impurity is implanted, with the 
condition in which only the under gate insulating film 3 is left on the portions 
corresponding to source and drain regions of a semiconductor thin film 2. And after 
that, an interlayer insulating layer 6, contact holes 7, and source and drain electrodes 8 
are formed, so that a thin film transistor of self-alignment type is completed. 
[0005] 

[Problems to be Solved by the Invention] However, with the conventional method for 
manufacturing a thin film transistor like this, when the upper gate insulating film 4 
made of silicon nitride is etched using the gate electrode 5 made of aluminum as a mask, 
as shown in Fig. 7, undercut portions 9 occur in the upper gate insulating film 4 under 
the upper gate electrode 5. As a result, the coating quality of the interlayer insulating 
layer 6 formed so as to cover the gate electrode 5 and the upper gate insulating film 4 
deteriorates extremely, so that a gate leakage current increases, and an interlayer short 
circuit easily occurs, which are problems. It is an object of the present invention to 
provide a method for manufacturing a thin film transistor, which can prevent the 
occurrence of an undercut portion in a gate insulating film under a gate electrode. 
[0006] 

[Means of Solving the Problems] The invention described in Claim 1 comprises the 
steps of: forming a gate electrode made of a material including at least one of 



molybdenum, tantalum, tungsten and titanium on a gate insulating film where at least a 
top layer is made of silicon nitride; and removing the silicon nitride in the top layer of 
the gate insulating film at least up to middle of the thickness direction, by plasma 
etching using a reactive gas which can process both the silicon nitride and the gate 
electrode, using a resist pattern formed on the gate electrode as a mask. The invention 
described in Claim 2 teaches that the gate insulating film has a double-layered structure 
where an upper layer is made of silicon nitride and an under layer is made of a material 
that is not etched by the plasma etching. 
[0007] 

[Operation of the Invention] According to the invention described in Claim 1, silicon 
nitride in a top layer of a gate insulating film is removed by plasma etching using a 
reactive gas which can process both the silicon nitride and a gate electrode made of 
molybdenum or the like, so that an undercut portion can be prevented from occurring in 
the gate insulating film under the gate electrode. In this case, when the invention 
described in Claim 2 is applied, an under layer of the gate insulating film can be used as 
an etching stopper, and the control of the plasma etching can be easy. 
[0008] 

[Embodiments] Fig. 1 to Fig. 5 show each of the manufacturing processes of a thin 
film transistor of self-alignment type in an embodiment of this invention respectively. 
Referring to these figures in order, a method for manufacturing a thin film transistor of 
self-alignment type will be described. 

[0009] First, as shown in Fig. 1, a semiconductor thin film 12 made of polysilicon or 
the like is pattern-formed on an upper surface of an insulating substrate 11 made of 
glass or the like. In this case, as an example, an amorphous silicon thin film to form 
the semiconductor thin film 12 is deposited to a thickness of approximately 500 A on 
the entire upper surface of the insulating substrate 11 by plasma CVD first, then the 
amorphous silicon thin film is crystallized to be a polysilicon thin film by being 
irradiated with an excimer laser. After that, an unnecessary portion of the polysilicon 
thin film is removed by etching using a photolithography technique, so that the 
semiconductor thin film 12 is pattern-formed only on a region where a thin film 
transistor is to be formed. 

[0010] Next, an under gate insulating film 13 made of silicon oxide is deposited to a 
thickness of approximately 200 A on the entire upper surface by a sputtering apparatus. 
Then, an upper gate insulating layer 14 made of silicon nitride is deposited to a 
thickness of approximately 1000 to 2000 A on the entire upper surface of the under gate 
insulating film 13 by a plasma CVD apparatus. Then, a thin film for forming a gate 



electrode 15 made of molybdenum is deposited to a thickness of approximately 600 A 
on the entire upper surface of the upper gate insulating layer 14 by a sputtering 
apparatus. Then, a resist pattern 16 is formed on a portion of the upper surface of the 
thin film for forming a gate electrode 15 which portion corresponds to a center portion 
(channel region) of the semiconductor thin film 12 by a photolithography technique. 
[0011] Next, as shown in Fig. 2, by removing the thin film for forming a gate 
electrode 15 by etching using the resist pattern 16 as a mask, the thin film for forming a 
gate electrode 15 is left only on the portion of the upper surface of the upper gate 
insulating film 14 which portion corresponds to the center portion (channel region) of 
the semiconductor thin film 12, so that a gate electrode 15a is formed. 
[0012] Next, as shown in Fig. 3 (A), by removing the upper gate insulating film 14 by 
etching using the resist pattern 16 as a mask, the upper gate insulating film 14 is left 
only under the gate electrode 15a. In this case, for example, plasma etching is 
performed under a condition of pressure 0.8 Torr, RF power density 0.37 W/cm 2 , 
electrode interval 55 mm, with a mixed gas of CF 4 and 5 % of O2, using a parallel plate 
plasjttia etch The plasma etching in this case uses a reactive gas which 

can process both silicon nitride that is a material for the upper gate insulating film 14 
and molybdenum that is a material for the gate electrode 15. Therefore, as shown 
especially in Fig. 3 (B), as well as the upper gate insulating layer 14 is etched, side 
surfaces of the gate electrode 15a are also etched. As a result, a side surface 15b of the 
gate electrode 15a and a side surface 14a of the upper gate insulating film 14 form an 
inclined plane that is smooth and has no bump. In this way, an undercut portion can be 
prevented from occurring in the upper gate insulating film 14 under the gate electrode 
15a. Furthermore, in this case, since an under gate insulating film 13 made of silicon 
oxide is not etched, when the under gate insulating film 13 is used as an etching stopper, 
the control of the plasma etching described above becomes easy. After that, the resist 
pattern 16 is removed. 

[0013] Next, as shown in Fig. 4, an impurity is implanted to the semiconductor thin 
film 12 by an ion implantation apparatus, using the gate electrode 15a as a mask, and 
source and drain regions 12b are formed in each side of a channel region 12a of the 
semiconductor thin film 12. In this case, since only the upper gate insulating layer 13 
of approximately 200 A thick is formed on the upper surface of the portion to be source 
and drain regions 12b in the semiconductor thin film 12, when phosphorus ions are 
implanted as the impurity, they can be implanted with low acceleration energy of 
approximately 30 keV. Therefore, the cost for the ion implantation apparatus can be 
lowered, and damage to the device can be decreased. Next, by irradiating with an 



excimer laser, the implanted impurity is activated. 

[0014] Next, as shown in Fig. 5, an interlayer insulating film 17 made of silicon 
nitride is deposited to a thickness of approximately 3000 A on the entire upper surface 
by plasma CVD. In this case, as described before, the side surface 15b of the gate 
electrode 15a and the side surface 14a of the upper gate insulating film 14 form an 
inclined plane that is smooth and has no bump, as shown in Fig. 3 (B). In this way, the 
coating quality of the interlayer insulating film 17 is improved. Therefore, the increase 
in a gate leakage current can be prevented, and the occurrence of an interlayer short 
circuit can be reduced. 

[0015] Next, by removing the interlayer insulating film 17 and the under gate 
insulating layer 13 by etching using a photolithography technique, contact holes 18 that 
reach the source and drain regions 12b are formed. Then, source and drain electrodes 
19 made of aluminum or the like are pattern-formed in the contact holes 18 and on the 
predetermined place on the upper surface of the interlayer insulating film 17 to a 
thickness of approximately 5000 A by a sputtering apparatus, so that they connect with 
the source and drain regions 12b. In this way, a thin film transistor of self-alignment 
type is manufactured. 

[0016] Molybdenum is used as a material for the gate electrode 15a in the 
embodiment above, but the invention is not limited to this. As long as the material can 
be plasma-etched together with silicon nitride that is a material for the upper gate 
insulating film 14, it can be used. Therefore, a material including at least one of 
molybdenum, tantalum, tungsten and titanium may be used. 

[0017] Furthermore, in the embodiment above, the under gate insulating film 13 made 
of silicon oxide is formed on the upper surface of the semiconductor thin film 12, and 
the upper gate insulating film 14 made of silicon nitride is formed on the upper surface 
of the under gate insulating film 13, then the thin film for forming a gate electrode 15 is 
formed on the upper surface of the upper gate insulating film 14, and the thin film for 
forming a gate electrode 15 is removed by etching, using the resist pattern 16 formed on 
the upper surface of the thin film for forming a gate electrode 15, and the upper gate 
insulating film 14 is removed by etching. In this condition, the impurity is implanted. 
However, the invention is not limited to this. For example, the upper gate insulating 
film 14 may be removed by etching up to middle of the thickness direction, and the 
impurity may be implanted in this condition. In addition, in the case of forming the 
gate insulating film by a single layer of a silicon nitride film, the single layer may be 
removed by etching up to middle of the thickness direction, and then the impurity may 
be implanted in this condition. 



[0018] 

[Effect of the Invention] As described above, according to the invention described in 
Claim 1, the occurrence of an undercut portion in a gate insulating film under a gate 
electrode can be prevented, so that the coating quality of an interlayer insulating film 
formed on the gate electrode can be improved. Therefore, the increase in a gate 
leakage current can be prevented, and the occurrence of an interlayer short circuit can 
be reduced. Furthermore, according to the invention described in Claim 2, an under 
layer of a gate insulating film can be used as an etching stopper, so that the control of 
plasma etching can be easy. 
[Brief Description of Drawings] 

Fig. 1 is a cross-sectional view in the condition where a semiconductor thin 
film, an under gate insulating film, an upper gate insulating film, a thin film for forming 
a gate electrode and a resist pattern are formed on an upper surface of an insulating 
substrate, when manufacturing a thin film transistor in an embodiment of the invention. 

Fig. 2 is a cross-sectional view in the condition where a gate electrode is 
formed by etching a thin film for forming a gate electrode using a resist pattern as a 
mask, when manufacturing the thin film transistor. 

Fig. 3 (A) is a cross-sectional view in the condition where an upper gate 
insulating film is removed by etching, using a resist pattern as a mask, when 
manufacturing the thin film transistor. Fig. 3 (B) is a cross-sectional view along the 
line A-A. 

Fig. 4 is a cross-sectional view in the condition where an impurity is implanted 
to a semiconductor thin film, using a gate electrode as a mask, when manufacturing the 
thin film transistor. 

Fig. 5 is a cross-sectional view in the condition where an interlayer insulating 
film, contact holes, source and drain electrodes are formed, when manufacturing the 
thin film transistor. 

Fig. 6 is a cross-sectional view to describe a conventional method for 
manufacturing a thin film transistor. 

Fig. 7 is a cross-sectional view along the line B-B in Fig. 6, shown to describe 
problems with the conventional method for manufacturing a thin film transistor. 
[Description of Symbols] 
12: semiconductor thin film 
13: under gate insulating layer 
14: upper gate insulating layer 
15a: gate electrode 



16: resist pattern 



